Abstract
INTRODUCTION
Increased numbers of mast cells have been found in the epithelium of intestine of the patients with ulcerative colitis and Crohn's disease [1, 2] . Through releasing its proinflammatory mediators including tryptase, histamine, heparin, and other preformed or newly synthesized mast cell products [3] , mast cells actively participate in the pathogenesis of inflammatory bowel diseases [4] . Tryptase is a tetrameric serine proteinase that constitutes some 20% of the total protein within human mast cells and is stored almost exclusively in the secretory granules of mast cells [5] in a catalytically active form [6] . Upon degranulation, tryptase is released from mast cells along with chymase, histamine, and other mast cell products. In recent years, evidence has been emerging that this major secretory product of human mast cells may be a key mediator of allergic inflammation and a promising target for therapeutic intervention [3] as it has been found to be able to induce microvascular leakage in the skin of guinea pig [7] , bronchoconstriction [8] in allergic sheep airways, inflammatory cell accumulation in peritoneum of mouse [9] and release of IL-8 from epithelial cells [10] . For more than four decades, histamine has been widely used as a marker of mast cell degranulation in vitro, and numerous anti-allergic drugs such as sodium cromoglycate, lodoxamide, salbutamal, ketotifen, terfenadine and cetirizine [11, 12] and salmeteral [13] were reported to be able to inhibit anti-IgE induced histamine release from human tonsil, skin or lung mast cells. However, little is known of the properties of tryptase release from human mast cells, and even histamine release properties of human colon mast cells were relatively less studied. We therefore parallelly investigated the tryptase and histamine release properties of human colon mast cells by using the same preparations of challenged mast cells in the current study.
MATERIALS AND METHODS

Reagents
The following compounds were purchased from Sigma (St. Louis, USA): collagenase (type I), hyaluronidase (type I), bovine serum albumin (BSA, fraction V), penicillin and streptomycin, calcium ionophore A23187, antimycin A, 2-deoxy-D-glucose, pertussis toxin. Goat anti-human IgE (inactivated) was from Serotec (Kidlington, Oxford, UK). FCS and minimum essential medium (MEM) containing 25 mM N-2-hydroxylethylpiperazine-N'-2-ethane sulphonic acid (HEPES) were from Gibco (Paisley, Renfrewshire, UK). A polyclonal antibody and a monoclonal antibody against tryptase were donated by Dr Andrew F. Walls (University of Southampton, UK). Histamine plate was from RefLab (Copenhagen, Denmark). HEPES and all other chemicals were of analytical grade.
Dispersion of mast cells
Human colon tissue was obtained from patients with carcinoma of colon at colectomy. Only macroscopically normal tissue was used for the study. After removing fat, tissue was washed and chopped finely with scissors into fragments of 0.5-2.0 mm Time course study revealed that both tryptase and histamine release from colon mast cells stimulated by anti-IgE initiated within 10 sec when cells were incubated with the stimulus, the release was then steadily increased while incubation periods were prolonged. Tryptase and histamine reached their maximum release at 6 min following incubation. Prolonging the incubation period from 6 min to 15 min had little effect on the release of tryptase and histamine ( Figure 3 ). The time course pattern of tryptase release provoked by calcium ionophore was similar to that induced by anti-IgE with approximately 45% tryptase released within 10 sec. This was different from the time course for calcium ionophore induced histamine release, which showed as much as approximately 70% of histamine released within 10 sec of challenge ( Figure 4 ). hyaluronidase in MEM containing 2% fetal calf serum (1 g colon/10 ml buffer) for 70 min at 37 . Dispersed cells were separated from undigested tissue by filtration through nylon gauze (pore size 100 µm diameter), washed and maintained in MEM (containing 10% FCS, 200 U/ml penicillin, 200 µg/ml streptomycin) on a roller overnight at room temperature. Mast cell purity, as determined by light microscopy after stained by alcine blue, ranged from 3.5% to 5.4%.
Mast cell challenge
Dispersed cells were resuspended in HEPES buffered salt solution (HBSS, pH 7.4) with CaCl 2 and MgCl 2 (complete HBSS), and 100 µl aliquots containing 4-6×10 3 mast cells were added to a 50 µl anti-IgE, calcium ionophore or control buffer alone and incubated for 15 min at 37 . The reaction was terminated by the addition of 150 µl ice cold incomplete HBSS and the tubes were centrifuged immediately (500 g, 10 min, 4 ). All experiments were performed in duplicate. For the experiments with pertussis toxin, cells were incubated with 0.1 or 1.0 µg/ml pertussis toxin for four hours at 37 , and then washed with HBSS before adding stimulus. Similarly, for the experiments with metabolic inhibitors, cells were incubated with 2-deoxy-D-glucose (10 mM) and antimycin A (1 µM) for 40 min at 37 before challenged with stimulus. For the measurement of total histamine concentration, in certain tubes the suspension was boiled for 6 min. Supernatants were stored at -20 until use.
Tryptase and histamine measurement
Tryptase concentrations were measured with a sandwich ELISA procedure with a specific polyclonal antibody against human tryptase as the capture antibody and AA5 a monoclonal antibody specific for human tryptase as the detecting antibody [14] . Histamine concentrations were determined using a glass fibrebased fluorometric assay [15] .
Statistical analysis
Data are shown as mean±SEM for the number of experiments (n) indicated, and the paired Student's t test was applied to evaluate two independent samples. In all analyses P<0.05 was taken as statistically significant.
RESULTS
Effect of anti-IgE and calcium ionophore on tryptase and histamine release from colon mast cells
Both anti-IgE and calcium ionophore were able to induce a dose dependent release of histamine from colon mast cells with up to approximately 60% and 25% net histamine release being achieved with 1 µg/mL calcium ionophore and 10 µg/mL antiIgE, respectively. Increasing the concentrations of calcium ionophore up to 10 µg/mL and anti-IgE up to 100 µg/mL failed to provoke any further release of histamine from colon mast cells (Figure 1 ). Dose dependent release of tryptase was also observed when dispersed colon mast cells were incubated with calcium ionophore or anti-IgE. Up to approximately 19 ng/mL and 21 ng/mL release of tryptase were achieved with 10 µg/mL anti-IgE and 1 µg/mL calcium ionophore, respectively. Only as little as 0.1 µg/mL calcium ionophore and 1 µg/mL anti-IgE were required to elicit a significant release of tryptase. Similar to histamine release, increasing the concentrations of calcium ionophore to more than 1 µg/mL and anti-IgE more than 10 µg/mL did not stimulate more tryptase release from colon mast cells (Figure 2 ). There was a significant correlation between the quantities of histamine and tryptase released in response to antiIgE ( (Table 1, Table 2 ). 
DISCUSSION
We have reported for the first time the in vitro tryptase release ability of human colon mast cells. This is particularly important when tryptase and histamine, the two major mast cell mediators were investigated in the same experiments, which would not only prove that the two mediators were released from mast cells unnecessarily at a constantly parallel ratio, but also revealed that histamine was released slightly faster than tryptase upon degranulation.
Approximately 25% histamine and 10% tryptase (presumably 10 pg tryptase per mast cell [16] , and 5000 cells in each test tube) were released from colon mast cells in response to IgE dependent provocation, indicating that only a proportion of mast cells was activated or the granule contents in activated mast cells were partially released. The maximum release of histamine and tryptase was induced by 10 µg/mL rather than higher concentrations of anti-IgE, suggesting that colon mast cells would give their maximum response to a sufficient stimulation, but not an excess stimulation, which showed a self-protection mechanism of colon mast cells.
Approximately 45% degranulation occurred within 10 sec of IgE dependent stimulation, suggesting that colon mast cells were able to quickly respond to allergen challenge, but they required about 6 min to reach their full capacity (maximum histamine or tryptase release). The time course also revealed that histamine was released slightly faster than tryptase upon degranulation, and this was particularly evident with calcium ionophore. The peak histamine release induced by anti-IgE and calcium ionophore occurred at 6 min following stimulation of colon mast cells, and appeared much faster than the occurrence of peak histamine release with lung mast cells, which required at least 15 min to reach its peak following antiIgE and calcium ionophore stimulation [17] . Pretreatment of cells with metabolic inhibitors antimycin A, which blocks the oxidative phosphorylation process of cells, and 2-deoxy-D-glucose which blocks anaerobic metabolism pathway in cells, abolished the actions of anti-IgE as well as calcium ionophore, indicating that the induced release of these two mediators was a non-cytotoxic process, and was dependent on cell energy supply. Tryptase and histamine release, particularly that induced by calcium ionophore was inhibited by pretreatment of cells with pertussis toxin, suggesting that the degranulation process elicited by anti-IgE and calcium ionophore was associated with activation of G-protein coupled receptors.
Over the last decade, a number of functions of mast cell tryptase have been discovered. However, the mechanism by which tryptase acts on cells is still unclear. The finding that proteinase-activated receptor-2 (PAR-2) on cos cells could be a receptor for tryptase [18] suggested that the effects of tryptase on various types of cells were associated with this type of receptor. Since both tryptase [7, 15] and PAR-2 agonists [19] were able to activate human mast cells, it is likely that there is a self-amplification mechanism of mast cell degranulation, which would contribute largely to the pathogenesis of mast cell related diseases including inflammatory bowel diseases. The report that induction of intestinal inflammation in mouse by activation of PAR-2 [20] and PAR-2 as an anti-inflammatory signal for colonic lamina propria lymphocytes in a mouse model of colitis [21] suggested the potential roles of PAR-2 in inflammatory bowel diseases.
Histamine has long been accepted as a specific marker of mast cell degranulation. Tryptase however, is seldom used in the same way though it has been employed as a specific marker of mast cells since 1980's. Based on the results in the current study and the evidence that these two mediators are located in the same secretory granules of mast cells, we believe that human tryptase can serve as an indicator of mast cell degranulation in vitro. In conclusion, both anti-IgE and calcium ionophore are able to induce a significant release of tryptase and histamine from colon mast cells, indicating that this cell type is likely to contribute to the pathogenesis of colitis and other mast cell associated intestinal diseases.
